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Development of a biomarker scoring
system for use in graft-versus-host disease

“This scoring system consistently classified patients
into three categories of risk that predicted response
to treatment within 28 days as well as risk of mortality
from acute graft-versus-host disease...
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The ability of allogeneic hematopoietic stem
cell transplantation (HCT) to cure hema-
tological malignancies is due, in large part,
to the graft-versus-leukemia (GVL) effect
mediated by alloreactive T cells in the donor
graft. But GVL effects remain closely associ-
ated with graft-versus-host disease (GVHD),
which is mediated by those same T cells as
well as by natural killer cells 1j. GVHD,
which occurs in both acute and chronic forms,
remains the major cause of death without
relapse of primary disease or nonrelapse mor-
tality (NRM) [2.3]. The primary treatment of
acute GVHD, high dose systemic corticoste-
roids, has not changed in 40 years and only a
third of patients achieve durable responses to
initial corticosteroid therapy; survival among
the remaining patients is poor [4].

A major obstacle to any new primary treat-
ment for GVHD is the inability to determine
the risk of GVHD for an individual patient
at the onset of disease symptoms. The risk
of mortality from GVHD correlates with
its maximum clinical severity, but maximal
severity can only be assigned retrospectively,
after the response to treatment is known [5-7).
Thus, at the onset of GVHD symptoms the
risk is not yet known, and most patients are
treated similarly with high-dose corticoste-
roids (at least 1 mg/kg/day). The result is that
a substantial number of patients are either
undertreated and their GVHD progresses, or
overtreated because their disease would have
responded to lower doses. Unfortunately, the

large majority (70-90%) of patients who
develop steroid-resistant acute GVHD will
die either from the disease or infections that
occurred as a result of prolonged immuno-
suppression [8.9]. The toxicity from overtreat-
ment is not limited to infection risks and
includes other substantial morbidities such as
avascular necrosis (sometimes requiring joint
replacement) and diabetes mellitus.

A variety of biomarkers have been shown
to predict acute GVHD severity with various
degrees of accuracy. Unfortunately, most bio-
markers have not been consistently success-
ful or reproducible [10-14] with a noticeable
lack of consistency of individual biomarkers
across different centers. Until recently there
were no studies validating the performance
of a biomarker in a multicenter dataset, but
last year our group published a scoring sys-
tem that used an algorithm of three biomark-
ers (TNFR1, ST2 and REG3a) [15]. This
scoring system consistently classified patients
into three categories of risk that predicted
response to treatment within 28 days as well
as risk of mortality from acute GVHD in a
training set (n = 328), and two validation sets
(n = 164 and n = 300).

The algorithm that defined the risk was
developed with the biomarker concentra-
tions assessed for an individual patient at the
onset of clinical symptoms of acute GVHD.
Patient samples in the training set and the
test set were taken from the biorepositories of
two institutions (University of Michigan and
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University of Regensburg, Germany) with different
clinical practices regarding GVHD prophylaxis and
BMT supportive care. The algorithm and the thresh-
olds that demarcated risk categories were defined in
the training set patients and then applied to the test
set patients; similar incidences of NRM and rates of
response to treatment within 28 days were observed.

“...the biomarker scoring provides information

beyond the clinical risk factors alone and likely

reflects target organ damage that is ung’erway,
even if not yet clinically manifest.

The acid test of the algorithm was its validation in
a third independent group of 300 patients (validation
set) who had enrolled in one of two trials of primary
treatment of acute GVHD conducted by the Blood
and Marrow Transplant Clinical Trials Network
(BMT CTN). These patients, from 18 different USA
centers with a wide variety of BMT conditioning regi-
mens, GVHD prophylaxis strategies and supportive
care measures, had provided samples at the onset of
therapy to a central BMT CTN biorepository. Once
again, the scoring system successfully classified risk:
patients with a low score (AA1) had only 8% mortality
at 1 year, whereas AA2 patients had 27% mortality and
AA3 patients had 46% mortality, with each group sta-
tistically significantly different from the next. Impor-
tantly, the cumulative incidence of relapse was not sig-
nificantly different among the three groups, however
the overall mortality differed significantly between
each group. We interpreted this to mean that the bio-
marker concentrations did not reflect the strength of
the GVH reaction but rather the actual damage to
GVHD target tissue, especially in the gastrointestinal
(GI) tract.

It is of great interest that the three biomarkers
included in this algorithm possess biological relevance
to GI GVHD. TNFR1, a surrogate for TNF-q, ampli-
fies Gl injury [16] and plasma levels increase before clin-
ical manifestations of GVHD [17]. TNF-a regulates
the expression ST?2 that, together with its ligand IL-33,
mediates inflammatory bowel disease [18]. The soluble
form of ST2 is secreted in response to inflammatory
stimuli, and IL-33 enhances inflammatory T cells that
are involved in GVHD pathophysiology. ST2 levels in
the plasma predict the lack of response to GVHD ther-
apy and subsequent mortality [13]. REG3a., an antimi-
crobial peptide produced by Paneth cells and other GI
epithelia, and validated as a GI tract GVHD specific
biomarker [12], protects GI epithelium from Gram-
positive bacteria [19]. We postulate that the increased
concentrations of these biomarkers in the blood at the
time of GVHD onset reflect early damage to the GI
tract that has not yet resulted in GI symptoms.

Several clinical risk factors can predicc GVHD
severity and survival in patients with GVHD [8.16.20].
AALl predicted a lower risk of NRM than AA2, and
AA3 higher risk than AA2 regardless of the presence
of important pretransplant clinical risk factors such
as donor type, age, conditioning regimen intensity or
HLA-match. Indeed, patients with HLA-mismatched
donors were significantly more likely to have AA3
GVHD in all three datasets. Thus the biomarker scor-
ing provides information beyond the clinical risk fac-
tors alone and likely reflects target organ damage that is
underway, even if not yet clinically manifest.

With regard to treatment decisions, GVHD grading
systems cannot guide the choice of therapy at symptom
onset, and therefore clinicians do not intensify immu-
nosuppressive treatment of GVHD until primary ther-
apy has failed. But the Ann Arbor algorithm defines
three GVHD severity scores across the full range of
clinical presentations and is therefore promising as
a guide to treatment. Importantly, an elevated Ann
Arbor score predicted later development of GI GVHD
in patients who did not initially present with GI symp-
toms. Most deaths of patients with GVHD that are not
caused by relapse of primary disease are due to poor
response to treatment of GVHD in the GI tract. This
observation supports the concept that this laboratory
test can detect early subclinical disease and identify
patients who need more intensive interventions.

This biomarker algorithm clearly advances previous
work using single biomarkers but important limitations
remain. First, although the algorithm predicts outcomes
better than clinical symptoms, it still has fairly poor pre-
dictive power for the middle group of patients (AA2)
whose overall risk has not changed; the algorithm’s util-
ity would be greatest for patients who score at either end
(AAI or AA3). Second, the algorithm’s ability to guide
prospective therapy is yet to be shown and must be
tested in clinical trials. On such trials a low score might
be used as an exclusion criterion for patients with severe
clinical symptoms (e.g., voluminous diarrhea) from a
trial of an investigational drug. In this case, patients
who are likely to respond to standard therapy benefit by
avoiding exposure to the risks of an experimental drug,
and the trial also benefits by enrichment with patients
who are less likely to respond to standard therapy. Alter-
natively, a low score could be used as an inclusion crite-
rion to restrict exposure to lengthy corticosteroid regi-
mens that are likely to result in complete response but
that carry risks for opportunistic infections. Conversely,
a high score (about 23% of all GVHD) could be used
as an inclusion criterion for a trial of intensive primary
therapy. This approach would be particularly beneficial
for patients who present with mild symptoms but who
are less likely to respond to standard therapy and who
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might otherwise need to wait until primary treatment
has failed before the initiation of a more intensive or
experimental modality. Finally, a high score could serve
as an exclusion criterion for a trial of low intensity ther-
apy, which is very likely to fail in a patient with high
risk disease. This approach could benefit both patients
who are excluded (who may qualify for experimen-
tal, intensive therapy) and patients who are included
(who are more likely to benefit from the reduction in
therapy). Such an approach has been incorporated in a
forthcoming trial of the BMT CTN. If a clinical trial
is unavailable, a high score could lend confidence to the
diagnosis of GVHD when a biopsy is equivocal, and a
low score in a patient with a limited rash might support
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